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BATTELLE MEMORIAL INSTITUTE
XIWUITAXAL .AND GIXUNXIXC RUU AIRCH

COLUBUS 1, OHIO

September 16, 1949

AR 909 $O
Wright-Patterson Air Force Base
Service Area
Building 258
Dayton, Ohio

Attention MCREYXM3, Contract No. AF 33(038)-3736)

Gentlemen:

Enclosed are twenty-five (25) copies and one (1) reproducible
of the first progress report prepared under Contract No. AF 33(038)-
3736.

Part III of the Summary Report, dated July 30, 1949, under
Contract W-33-038 ac-21229, describes the development of analytical
methods and the study of refractories carried out during the period
May 18, 1948, to Hay 18, 1949. In addition, it contains data obtained
during the interval May 38, 1949, to July 30, 1949, on alloys which
were in process at the expiration of the preceding contract, May 18,
1949. At the request of Mr. J. B. Johnson, this latter information
obtained during the first two and a half months of the present contract
was submitted in lieu of the first regular bimonthly progress report.

The attached report contains an account of the following:

1. A description of the alloy development work,
including the data on alloys prepared during
the period May 18, 1949, to September 18, 1949.
Data obtained during this period on alloys
already under study on May 18, 1949, are in-
cluded in the above-mentioned Summary Report.

2. The progress made during the period May 18, 1949,
to September 18, 1949, on the development of
analytical methods for oxygen in titanium.

3. The results of the study durig the period May 18,
1949, to September 18, 1949, on the development
of refractories for holding molten titanium.

L. W. Eastwood
LWE:ec
Eno. (26)



FIRST PROGRESS REPORT

COVERING THE PERID MAY 18 TO SEPTEMBER 18, 1949

on

RESEARCH AND DEVELOPMENT ON TITANIUM ALLOYS

Contract No. AF 33(038)-3736

to

WRIGHT-PATTERSON AIR FORCE BASE
DAYTON, OHIO

from

BATTELLE MEMORIAL INSTITUTE

August 31, 1949

SUMMARY

In the 4-month period covered by this report, May 18 to September

18, 1949, titanium binary alloys of germanium and nickel were studied.

Also investigated were titanium-molybdenum and titanium-manganese ternary

alloys. Additions of carbon, copper, chromium, manganese, iron, and

cobalt were made to the titanium-molybdenum binary alloys and additions

of nitrogen, copper, molybdenum, and cobalt were made to titanium-

manganese alloys.

The alloys were tested in both the as-hot-rolled temper and

after aging the hot-rolled sheet 4 hours at 750 0F. The following alloys

were found to have tensile strengths and elongations in the range of

156,000 to 180,000 p.s.i, and 5 to 11 per cent, respectively.

l. Titanium - 5 per cent molybdenum base alloys with

additions of 1 per cent copper, 2 per cent copper,

1 per cent manganese, and 2 per cent iron,

BATTELLE MEMORIAL INSTITUTE
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2. Titanium - 3.5 per cent manganese base alloys with

additions of 0.1 per cent nitrogen, 1.0 per cent

cobalt, and 2.0 per cent cobalt.

3. Titanium - 5 per cent manganese base alloys with

additions of 0.1 per cent nitrogen, and 2.0 per

cent cobalt,

Aging the hot-rolled sheet at 750 0F. for 4 hours increased the

tensile strength and hardness of some alloys without a serious reduction

in elongation values, as shown in the following table.
Elonga-

Intended Tensile tion,
Heat Composition, Strength, Per Cent Vickers
No. Per Cent Condition p.s.i. in 1 In. Hardness

WH38 5 Mo, 1 Cu, As hot rolled 171,700 5.5 298
Aged 4 hrs. 7500F. 180,300 5.0 327

WHl82 3.5 Mo, 1 Mn As hot rolled 147,200 4.0 288
Aged 4 hrs. 7500F. 170,600 6.0 302

WH227 3.5 Mo, 1 Fe As hot rolled 167,500 6.0 285
Aged 4 hrs. 7501F. 175,400 5.0 317

WH166 7.5 Mn, 0.1 N As hot rolled 184,400 3.5 403
Aged 4 hrs. 750*F. 190,000 5.0 498

WH159 2.5 Mn, 0.2 N As hot rolled 134,400 5.5 272
Aged 4 hrs. 750*F. 152,900 6.5 272

WH151 3.5 Mn, 1.0 Co As hot rolled 166,700 6.0 297
Aged 4 hrs. 7500F. 201,800 3.0 285

WHl50 2.5 Mn, 2.0 Co As hot rolled 143,600 10.0 262
Aged 4 hrs. 7501F. 176,700 6.0 307

Some of the alloys were tested after solution heat treatment at

1600 0F., but the properties in this condition were not so good as those

for the as-hot-rolled temper. Further testing of solution-heat-treated

alloys does not appear justified.

BATTELLE MEMORIAL INSTITUTE
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Tests were completed on "hot pressed" crucibles of tungsten

carbide, titanium carbide, and zirconium carbide as refractories for

melting titanium. Melts were made in graphite crucibles lined with

tantalum carbide and tungsten boride, but the examination of these melts

has not been completed.

The determination of oxygen in titanium by the C12 - CC14 method,

three modifications of the vacuum-fusion technique, and the vacuum-

fusion mass-spectrograph method has been investigated. None of these

techniques, to date, has resulted in consistent and reproducible oxygen

values.

INTRODUCTION

During the period, May 18 to September 18, 1949, covered in this

report, the experimental program on titanium has continued. The phases

of the work described in this report are as follows:

1. Arc melting titanium-base alloys.

2. Evaluation of experimental titanium-base alloys.

3. Investigation of refractories for melting titanium.

4. Analytical methods for titanium-base alloys.

ARC MELTING TITANIUM-BASE ALLOYS

(0. W. Simmons and C. T. Greenidge)

Approximately one hundred and forty 0.5-pound ingots were made

and submitted for fabrication during the period May 18 to August 31. The

BATTELL.E MEMORIAL INSTITUTE



-4"

intended compositions of the ingois, on which the testing has been

6ompleted, ai'e listed under the section on Evaluation of Experimental

Titanium-Base Alloys.

In addition to the above alloys, two large ingots of Process A

titanium were made at the request of Mr. J. B. Johnson. Heat Ti354, 11

pounds gross, and Heat Ti363, 8.5 pounds gross, were melted in the large

arc-melting furnace. These ingots were scalped to 6 and 5.1 pounds,

respectively, and shipped to Mr. E. A. Gee of E. I.du Pont de Nemours

and Company. The analyses and hardnessescfthe two ingots were as

follows:

- -Ingot Ti35 . Ingot Ti363
Nj W Brinel CA N. % WA Brinell

Top 0.08 0.010 0.12 137 0.03 0.010 0.09 131

Middle 0.05 0.009 0.11 137 0.04 0.008 0.18 131

Bottom 0.04 0.013 0.12 137 0.06 0.007 0.19 131

EVALUATION OF EXPERIENTAL TITANIUM-BASE ALLOYS

(C. P. Craighead, F. Fawn, and L. W. Eastwood)

The alloy evaluation work covered in the present bimonthly

report has been directed toward the investigation of:

1 Binary titanimigermanium alloys.

2. Binary titanium-nickel alloys.

3. Ternary titanium-molybdenum base alloys.

4. Ternary titanium-manganese base alloiS.

These alloys have been tested in both the as-hot-rolled condition

and after aging the alloys in the as-hot-rolled temper for 4 hours at

750*Fo

BATTELLE MEMORIAL INSTITUTE
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The data for the titanium-germanium and titanium-nickel binary

alloys are shown in Tables 1 and 2. Figures 1 and 2 graphically illus-

trate the effects, respectively, of germanium and nickel on the tensile

strength, elongation, and Vickers hardness of as-hot-rolled Process A

titanium sheet.

The addition of 0.1 to 1.0 per cent germanium to Process A metal

produced essentially no effect on the tensile strength, elongation, or

Vickers hardness, Likewise, the titanium-germanium alloys were not

responsive to solution or aging treatments.

Nickel increased the tensile strength of as-hot-rolled Process A

titanium sheet to 120,000 p.s.i. at 10 per cent nickel, while the elonga-

tion decreased to 2 per cent, and the Vickers hardness increased to 300.

Aging the as-hot-rolled titanium-nickel alloys for 4 hours at 750*F.

produced no beneficial effect on the tensile properties. Solution heat

treatment of the titanium-nickel alloys at temperatures ranging from

1450 to 17500F. resulted in an increase in the Vickers hardness. The

higher nickel alloys showed the greatest increase in hardness. The bend

ductility of the binary titanium-nickel alloys either in the as-hot-

rolled or heat-treated tempers was poor.

The present data do not justify further investigation of binary

titanium-germanium or titanium-nickel alloys.

The effect of additions of carbon, copper, chromium, manganese,

iron, cobalt, and nickel on the properties of titanium-molybdenum base

alloys are shown in Tables 3 and 4. Figures 3 to 9 graphically illus-

trate the changes in tensile strength, elongation, and hardness resulting

BATTELLE MEMORIAL INSTITUTE
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from the above additions to binary titanium-molybdenum base alloys in the

as-hot-rolled condition. In these graphs, the tensile properties and

hardness of as-hot-rolled binary titanium-molybdenum alloys have been

reproduced as dashed lines from data reported previously.

In general, the tensile strength and hardness of the titanium-

molybdenum alloys were increased, with a corresponding decrease in

elongation, by these additions. However, the addition of 1.0 and 2.0

per cent copper, 2.0 per cent manganese, and 2.0 per cent iron to the

titanium - 5 per cent molybdenum alloys showed a large increase in ten-

sile strength with essentially the same elongation values as the binary

alloys. The properties of these alloys were:

Intended Tensile Elongation, Minimum

Heat Composition, St-ength, Per Cent Bend
No. Per Cent in 1 Inch VHN Radium

WC84(l) 5.0 Mo 144,900 6.5 268 >1/4*

WC38 5.0 Mo, 1.0 Cu 171,700 5.5 298 >1/4*

WHI7I 5.0 Mo, 2.0 Cu 174,700 5.0 315 3/16*

SH173 5.0 Mo, 1.0 Mn 178,800 7.0 351 >1/4*

WH226 5.0 Mot 2.0 Fe 164,400 6.5 317 3/16

(1) Data from Table 18, page 162, of previous progress report.

*I Some bend ductility.
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The addition of 3.0 per cent chromium, 1.0 per cent iron, 2.0

per cent cobalt, or 2.0 per cent nickel to the titanium - 5 per cent

molybdenum base gave tensile strengths of 195,400, 184,200, 183,000, and

185,400 p.s.i, respectively. However, the elongation of these alloys

was lower than that of the binary base.

These alloys in the as-hot-rolled temper were aged 4 hours at

750 0F. and the tensile properties determined. As shown by the data in

Table 3, the tensile strength of many of these alloys in the lower

ranges of molybdenum can be improved by aging the as-hot-rolled sheet

without too great a sacrifice in ductility.

The prooerties of titanium-manganese base alloys containing

additions of nitrogen, copper, molybdenum, and cobalt are listed in

Tables 5 and 6. Figures 10 to 13 illustrate graphically the effect of

the above additions on the tensile strength, elongation, and hardness of

the titanium-manganese base. In these figures, the curves for the binary

titanium-manganese alloys have been reproduced as dashed lines from

previous data.

The addition of 0.1 per cent nitrogen to the titanium-manganese

base increased the tensile strength about lO,00 p.s.i. without any

sacrifice in elongation. With 0.2 per cent nitrogen added, a further

increase in tensile strength was obtained, but at a considerable sacrifice

in ductility. The alloys containing 7.5 and 10.0 per cent manganese and

0.2 per cent nitrogen were too brittle to shear.

The ternary titanium-manganese base alloys :which had good tensile

strength and elongation values in the as-hot-rolled temper were:

BATTELLE MEMORIAL INSTITUTE
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,.., As-Hot-Rolled Temper.... .....

J Intended Tensile Elongation, Minimum
Heat Composition, Strength, Per Cent Bend
No. Per Cent p.s.i. in 1 Inch VN Radius

WH160 3.5 Nn, 0.1 N 156,900 11.0 350 3/16

1H162 5.0 Mn, 0.1IN 173,500 8.5 401 <1/4*

WH145 5.0 Mn, 2.0 Cu 166,600 7.5 351 <l/4**

WH154 3.5 Mn, 2.0 Co 160,200 8.5 324 3/16tH151 3.5 1n, 1.0 Co 166,700 6.0 297 3/16

if Some ductility.

** Very little ductility.

In general, the other titanium-manganese base ternary alloys

showed an increase in tensile strength and hardness above the value for

the titanium-manganese base, but in these eases the elongation values

were lowered by the additions.

The ternary titanium-manganese base alloys generally increased

in hardness when quenched from temperatures of 3450 to 1750 0F., as showm

in Table 6. However, when some of these alloys were tested after a

solution heat treatment at 16000F., the tensile properties, as shown in

Table 5, ere generally inferior to those obtained in the as-hot-rolled

temper.

The ternary titanium-manganese base alloys in the as-hot-rolled

temper were aged for 4 hours at 7500F. and the tensile properties were

then determined. As shown by the data in Table 5 the properties were

generally inferior after aging to those obtained in the as-hot-rolled

condition. In the following cases, increased tensile strengths were

obtained by the aging treatment vith little or no sacrifice in ductility.
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Intended
Heat Composition,
No.- Per Cent

WH66 7.5 Ent 0.1 N

WH159 2.5 Mn, 0.2 N

WH151 3.5 Mn, 1.0 Co

) WH150 2.5 Mn, 2.0 Co
It should be noted, however, that neither the improvement nor

the lack of improvement produced by aging is consistent. Therefore,

the response to the aging treatment cannot be readily estimated.

INVESTIGATION OF REFRACTORIES FOR MELTING TITANIUM

(P. J. Maddex and L. W. Eastwood)

The investigation of uuiusual refractories for melting titanium

was continued. Following previously established practice, 10- to 15-gram

melts of titanium were made in small crucibles using a standardized

melting temperature of 3100*F. The melts were held at this temperature

for 1 minute and then cooled in the crucible.

In nearly all previous tests, the melts had been made in a

vacuum. In many cases, gas evolution from the melt, probably hydrogen,

had forced all or a portion of the melt from the test crucible. To

eliminate this difficulty, a melting technique was developed using a

*purified argon atmosphere. The argon was purified by heating titanium

chips to 20000F. in the melting furnace Just prior to melting the titanium

um. By this technique, hardness values comparabie to those obtained

with vacuum melts were obtained without having the molten metal forced

from the crucible.
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The results of the present experimental work on refractories are

listed in Table 7. None of the crucible materials, on which tests have

been comDleted, can be considered satisfactory.

When the melt, made in the tungsten carbide crucible, was removed

for chemical analysis, it was observed that the crucible adhered to the

sides but not to the bottom of the test ingot. It was felt that a dif-

ference in porosity between the bottom and the sides of the pressed

crucible might account for this.

The density of the bottom of the crucible was 12.6 as compared

with 13,1 for the side. Porosity of the bottom was 14.1 per cent as

compared with 13.4 per cent for the side. Since there is so little

difference between the values of the side and bottom of the crucible, it

does not seem reasonable that the results could be accounted for on this

basis. Therefore, it seems that a small temperature difference may

explain the greater degree of wetting of the sides of the tungsten

carbide crucible.

Negotiations have been made with the Norton Company to supply

hot-pressed c-ucibles for these studies. It is anticipated that orders

for additional crucibles can be placed in the near future.

ANALYTICAL METHO S FOR TITAIUM-BASE ALLOYS

The Determination of Oxygen in Titanium
by the C1 - CC14 Method

(E. J. Center and A. C. Ecket)

It was emphasized in the last report that the success of the

C12 - CC14 method for 02 in titanium dependsfirst of allon the
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quantitative decomposition of the sample,since all of the 02 is to be

finally measured as CO.

Reaction temperatures from 400 - 5500C. were found to be too low

for complete sample decomposition. (It was anticipated that, if it were

necessary to operate above 6000C., it would be impossible to obtain a

low blank because of attack on the quartz tube and boat.)

Since other investigators had indicated that the C12 - CC14

reaction should proceed quantitatively at 500 - 6000C., it was thought

desirable to examine the refractory residues which remained in the boat

after reaction. An X-ray diffraction analysis indicated spinels to be

present rather than individual oxides. (Particular spinels cannot be

positively identified on the evidence of X-ray patterns alone because the

structures of many spinels are so similar in both arrangement and size

of unit cell.) Since spinels are particularly refractory, it is not I

surprising that they resist attack at 6000C.

Semiquantitative spectrographic analysis of these same residues

indicates the possibility of the following spinels being present:

SDine Per Cent

Ti M92 0 HighFe Ti 04 Medium

Mn Ti 04 LOW

A quartz reactor was designed for higher temperature investi-

gation (similar to the Pyres reactor described in the previous report).

A series of runs was made at higher temperatures, lasing both Bureau of

Mines powder and DuPont sponge titanium. Results are briefly summarized

below*
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1. Considerable attack is obtained on the sample boat with

both fused silica and "Leco HF Series" boats at temperatures from 700 -

9000C (in one case, the attack on the boat alone was some ten times the

oxide residue obtained from the sample).

2. Decomposition of the sample is sufficiently complete at

9001C. but incomplete at 700C.

Because of the existence of spinels in the titanium residues and

the high temperature and resulting high blank necessary for complete

reaction, it does not appear feasible to investigate further this method

for 02.

A detailed description of the apparatus and techniques used in

the C12 - C014 method for oxygen analysis will be included in the next

bimonthly report.

711
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The Analysisof Titanium for Ogen
by Vacuum-Fusion Methods

(M. We Mallett, D. Go Thomas, and C. B. Griffith)

Preliminary experiments at Battelle, as well as observations in

the literature, indicate that vacuum-fusion analysis of titanium for
oxygen apparently yields low and erratic results. Thermodynamic calcula-

tions indicated that no extraordinary difficulty would be encountered in

the reduction of titanium oxide although some interference might be ex-

pected from vaporization of titanium from the melt and its subsequent

sputtering action.

Recently,several laboratories(12) have reported successful re-

sults with the vacuum-fusion analysis of titanium for oxygen. Therefore,

a program was undertaken in which three different modifications of the

vacuum-fusion method were used with the same apparatus and operator.

This comparison study was made in order to evaluate the three methods in

regards to one anotherand possibly,to indicate interfering elements in

the apparatus design.

Simultaneously, a method was developed in an attempt to circumvent

the apparent short comings of the vacuum-fusion analysis. The basis of

this process was the use of the isotope 018 together with the vacuum-

fusion method. The procedure consisted of diluting a known amount of 018

(1) Private communication from Dr. G. Derge, Carnegie Institute of
Technology, arranged through the eourtesy of D. Walter A. Findlay,
Remington Arms, Co., Inc.

(2) Private communication from Mr. E. J. ChapinMetallurgy Division,
Naval Research Laboratory, Washington, D. C.
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tracer with the unknown amount of oxygen in the titanium. By extracting

the gas from the titanium and determining the new ratio of 018 to 016 with

the mass spectrometer, the unknown amount of oxygen can easily be calcu.

lated. Theoretically, this method would yield accurate results even though

only a fraction of the oxygen content of a titanium sample was extracted

by vacuum-fusion.

AComarison 2f Ox, yenVlues Obtained
byThree Modifications of the Vacuum-
Fusion Method

PreDparation .f Standards., In a comparative study of modifications

of the vacuum-fusion method, titanium-oxygen standard samples were pre-

pared by two methods. In one, measured volumes of gaseous oxygen were

reacted with pieces of Foote Mindral Company iodide titanium at 8000G. in

a modified Sieverts apparatus. Each specimen was then held at 800-9000C.

for two hours, in an attempt to obtain a homogeneous distribution of the

oxygen throughout the metal.

Other titanium-oxygen standards were prepared by drilling small

holes in 8-gram pieces of Foote Mineral Company iodide titanium, insert-

ing weighed additions of TiO2 (C.P., Baker Chemical Company), and plugging

the holes with iodide titanium. The specimens were then arc melted in a

water-cooled copper crucible in an argon atmosphere at l0-cm, absolute

pressure, using a tungsten-tipped electrode. The ingot was then turned

over and remelted to insure uniform distribution of t1l oxygen content.
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Methods of Analysis It was decided to analyze the two types of

titanium-oxygen standards by three different modifications of the vacuum-

fusion method. Following is a description of the procedures useds

Method A. This method was devised at Battelle several years

ago for the determination of oxygen in thorium. The procedure consists

of dropping the titanium sample into a graphite crucible containing a 1/4-

to i/2-inch-deep layer of graphite chips (1/16- 1/8-inch mesh). The

crucible and chips had been previously degassed at 2150 - 22000C. for

several hours. In melting, the titanium is dispersed in thin layers be-

tween the chips, thus aiding penetration of the metal by the carbon. The

most satisfactory rate of reduction was obtained at 19000C. One to two

hours are required for complete gas extraction. After completing the

extraction of the first specimen, a fresh lot of degassed graphite chips

is dropped before a second specimen is analyzed.

Method B. This procedure gave apparently satisfactory results

for Dr. G. Derge of Carnegie Institute of Technology. It consists of

degassingat 1850 0C.,a bath of iron (25 grams) previously saturated with

carbon to prevent erosion of the reaction crucible. Following the de-

gassing period, the temperature is lowered to 140000., and 5 grams of tin

is dropped and degassed for about 15 minutes. The sample is then dropped

and the temperature progressively raised to 185000. About thirty minutes

to one hour is required to complete the extraction. Additional tin is

dropped between specimens.
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Method 0. The Naval Research Laboratory has reported(2) that

satisfactory analyses were obtained by using a graphite crucible con-

taining a quantity of graphite powder. After degassing this set-up, the

temperature was lowered to 18000C. and the sample and several grams of

tin were dropped together. They report that an exothermic reaction occurs

in the neighborhood of 16000C., which causes spatter losses if tin is not

used to ameliorate the reaction. Gas collection is continued for about

one hour. More tin is added with each successive sample.

Although a variable number of samples that can be analyzed

successively in one crucible have been reported, only two samples were run

for each furnace set-up.

Analytical Results. Figure 14 is a photograph of the vacuum-

fusion apparatus used in analyzing titanium for oxygen. Tables 8, 9,

and 10 give the complete vacuum-fusion analysis data. A summary of the

oxygen values obtained by the three methods appear in Table 11. These

data show that there is no essential difference in the results of the

three methods. All tend to yield low and erratic results$ but, occasionally,

values are obtained which are in reasonable agreement with the known oxygen

additions. In general, in a series of these erratic results, the highest

value obtained on the same material is likely to be the best value. Some

*of the highest values have been obtained in the shortest extraction time.

Extending the extraction time beyond that required to return the system

to the original base pressure is useless. No obvious 6ause of low values

has been observed, except in a few cases where spatter has occurred.
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TABLE 1I. COMPARISON OF RESULTS BY THREE MODIFICATIONS

OF THE VACUUM-FUSION METHOD

e OPer Cent Oxygen
Sample** Oxygen MetMethod Method
Code Addition A B C

I-O-A 0 0.001
I-O-B 0 0.001

IA-O-A 0 0.o05
IA-O-B 0 <0.001
IA-0-CI 0 <0.001
IA-O-C2  0 0.013

IA-2-A 0.02 0.024
IA.-2-B O.02 <0.001
IA-2-C 0.02 <0.001
IA-2-D 0.02 0.001

IA-i-A2  0.10 0.098

IA-1-A2  0.10 0027

IA-1-C1 0.10 o.006

:A-I-Cl o.o 10,01

IA-5-B2  o.lo o.o88

IA-5-AI3  0.5~0 0.0318
IA-5-A 0.0 0.460
IA-5-A3  0.50 0.082
I--A 4  0.00 o.45
IA-5-B 0.50 0.00
IA-5-B2 0.506 0.03IA-5-B3 0.50 0. 318 i
A-5-0- 0.50 0.08803IS-2-A OO21 0. 003

IS-2-C 0.019 0.001
IS-2-F 0.020 0.002
IS-I-A 0.170 0.009
IS-I-B O.16 0.137
IS --D 0.113 0.073
IS-I-E 0.101 0.612VIS-I-F 0.106 m.15

IS-5-A 0.589 0.207
IS-5-B O.551 00030IS-5-C o.486 0.312
IS-5-D 0.484 0.007
IS-5-E o.521 m~16
IS-5-F 0.505 0.275Is-5-G 0.504 ov117

Footnotes on following page.
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Footnotes for Table 11:

Some spatter loss was observed during melt down of these specimens.
* Key to Sample Code. Sample code numbers are of the form IX-N-Yn where:

I indicates that the starting material was iodide-process titanium,

X = blank, indicates there was no further treatment of the sample,

X = A, indicates that the sample was arc melted (those samples containing
a known amount of oxygen were made from a Ti-TiO2 mixture),

X = s, indicates that the oxygen was added as gas in a Sieverts apparatus,

N = 0, indicates that no oxygen addition was made to the sample,

N = 2, indicates a 0.02 wt. % oxygen addition,

N = 1, indicates a 0.10 wt. % oxygen addition,

N = 5, indicates a 0.50 wt. 5) oxygen addition,

Y = A,B,C, indicates the various samples in a series, and

n - 1,2,3, indicates the various sections of sample Y.

mI

Y I
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However, two modifications on the vacuum-fusion apparatus are being made

to eliminate possible sources of error. In order to increase the pumping

speed, a 1O-inch-long by 3/4-inch-diameter guide tube will be removed

from between the vacuum-fusion crucible and the pump. Alsothe furnace

tube will be water cooled to keep any titanium that has been evaporated

from the vacuum-fusion crucible onto the furnace tube wall below the

temperature for reaction with the evolved gases. At the present point in

this investigation, the trends are as follows. The arc-melted specimens

tend to yield somewhat higher values than Sieverts samples of the same

oxygen level. Whether this is due entirely to the analysis method or,

in part, to the manner of preparing the oxygen alloy is not known. The

higher the extraction temperature, the better; 19000C. was generally

used. The gas-extraction period should be continued at least one hour,

and in some cases may require three to four hours. Because of the long

extraction period, the system must be degassed for a long time to

minimize the volume of blank gases. No more than two specimens should be

analyzed successively, and,possibly,further work will show that a single

run per furnace set-up is all that can be tolerated.

Vacuum-Fusion - Mass-Spectrograph
Method of Determining Oxygen in Titanium

It was suggested that by use of 018 tracer an absolute determination

of the amount of oxygen in a sample of metal could be made.
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The one major assumption involved is that the oxygen tracer added

to the sample distributes itself in the same manner as the unknown amount

of oxygen already present in the sample and, accordingly, that the vacuum-

fusion extraction can remove the tracer oxygen in the same ratio that it

exists in the titanium metal sample.

Apparatus. The 018* was available as H20 enriched to 1.5% H2018**.

Before the tracer could be reacted with the titanium, the water had to be

broken down. The decomposition of the water and a separation of the

hydrogen from oxygen could be affected quite easily by an electrolysis

procedure. Therefore, the reaction apparatus was designed to produce the

018 by this method, and to enable transfer of the gas from the electrolysis

cell to the reaction furnace without opening the system to the air.

Figure 15 is a photograph of this apparatus and Figure 16 a

schematic diagram. The electrolysis unit located on the extreme left of

the system was made up of a closed storage container, D, to hold the en-

riched water during evacuation of the system; an electrolysis cell, E,

.11 connected to the system by taper-joints, and with its two arms inter-

connected by a stopcock; a storage tube, F, of 10-mm. ID. for the

hydrogen, and storage tube, G, 7-mm. I.D., for the oxygen. Since the

volume of hydrogen given off was twice that of the oxygen, the ratio of

the tube diameters had to be as the square root of two is to one, if only

one leveling bulb was to be used to control the pressure in the electrolysis

system. 

Natural oxygen contains 0.204% 018.

** Available through AEC from Stuart Oxygen Co., 211 Bay St., San
Francisco.
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64388
Figumre 15. D'18 Isotopic Reaction Apparatus
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The cold finger, H, dried the electrolyzed oxygen as it was moved

over into the storage micro burette, I. The by-pass above I was used in

evacuating the system before starting the electrolysis. A mass-spectro-

meter sampling tube was inserted in the system at Tube A, immediately

after the storage burette, in order to obtain a sample of the oxygen gas

as electrolyzed. The original ratio of 018/016 in the oxygen gas added

to the titanium was determined from this sample. The manometer, K, gives

qualitative information on the progress of the absorbtion of the oxygen

addition by the titanium, while the McLeod gauge, J, gives a final

indication of the completeness of the reaction. The reaction tube, M,

of clear fused silica, connects to the system by means of a standard ball

joint.

After preliminary runs, it was found that over 95 per cent of the

extracted gas was hydrogen, which made it extremely difficult to run a

mass-spectrometer analysis. Therefore, a combination gas-concentration

and gas-loading apparatus was constructed as shown in Figure 17. The gas

sample from the vacuum-fusion apparatus is transferred to the burette, B,.

under mercury at A. The side-arm contains a palladium tube, C, and a mass-

spectrometer sampling tube at D. Suitable arrangements are provided to

V" evacuate the system by means of a mercury-diffusion pump.

Experimental Procedure. To start a run, the system was cleaned

and dried, all stopcocks were checkedand a weighed sample of titanium was

placed in the reaction tube. The electrolysis cell asrwell as all the

other parts of the system was then evacuated and checked for leaks. When

no leaks were observed, Stopcocks 2 and 5 were closed and Stopcock 4 was
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opened. Water was added to the cell, E, from the reservoir, D. Stop-

cocks 4 and 6 were closed and Stopcocks 2 and 5 were opened. The mer-

cury level in Tubes F and 0 had been as high as possible but fell when

Stopcocks 2 and 5 were opened, because of the vapor pressure of the

water. The leveling bulb was used to keep the level of mercury as high

as possible.

Because there was a very low pressure on the system when the

electrolysis was first started, the bubbles of generated gas were very

large. The operation of the electrolysis cell was most difficult at

this stage.

When atmospheric pressure was reached in Tubes F and G, Stopcock

1 was opened and the electrolysis was continued until Tube G was filled

with oxygen. Stopcock 7 was closed and Stopcocks 6 and 8 were opened

after sufficient oxygen had been produced and the gas in Tube G was

I1 transferred to the micro-burette, I.

Meanwhile the sample of titanium had been outgassing at 7500C. in

the reaction tube, M. Stopcocks 11 and 15 were then closed and a known

amount of oxygen was allowed to leave Burette I. Stopcock 8 was closed

and Stopcock 15 was opened and the oxygen was allowed to react with the

titanium at 8000C. until the system had returned to the base pressure,

and for two additional hours. At the end of this time, the titanium

sample was cooled quickly and removed from the reaction vessel. It was

then ready for extraction in the vacuum-fusion apparatps.
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After the oxygen tracer had been added to the titanium and a good

vacuum had been reached once more, Stopcock 13 was closed, the micro-

burette was filledand Stopcock 9 was opened. The electrolyzed oxygen

was transferred to the mass spectrometer sampling tube at A at a pressure

of 65 to 70 cm. of mercury. The thin glass tube was then sealed off with

a flame. This served as a base giving the original ratio, 018/016, of

the enriched oxygen addition.

Upon extraction from the titanium by vacuum-fusion, the gas was

transferred to the apparatus (Figure 15) for loading mass-spectrometer

sampling bulbs. All the spectrometer bulbs were carefully packed and

shipped to the National Bureau of Standards where the ratio of 018/016

was determined through the courtesy of Dr. F. L. Mohler.

Calculations. Results obtained from the National Bureau of

Standards indicated the percentage of 018 in the total oxygen from which

data the ratio of 018/016 was readily calculated. If the ratio of 018/016

is "b", the per cent of 018 in the electrolyzed oxygen "al, the volume of

enriched oxygen added to the sample x, and the volume of normal oxygen

in the sample y, then

b= vol. 0 1 8  = x* 0.2 ()
vol. 016 (100-a)x + 99,796y ,

assuming that normal oxygen contains 0.204 per cent 018. This equation

can be rearranged to gives

Y ax - (100a) bx (2)

99.796b - 0.204
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Preliminary calculations were made in an attempt to determine the

optimum sample weight and amount of oxygen tracer to be added. Figure 18

and Table 12 show the relationship of the weight of titanium sample, the

volume of enriched (018 = 7.7 x normal) oxygen added to the titanium, the

total volume of enriched and normal oxygen contained in the metal after

addition, the ratio b of 018 to 016 present in the treated sample, and the

weight per cent of normal oxygen originally present in the titanium sample.

Because perhaps only 50 to 60% of the oxygen is extracted by

vacuum fusion, a small error (3%) may result due to mass difference effects

of 018 and 016.

It will be noted (see Figure 18) that the addition of 1 cc. of

enriched oxygen to a 1-gram sample of titanium is the most versatile com-

bination of conditions. The entire range of analyses from 0.1 to 1.0

weight per cent oxygen is obtainable with reasonable precision. The use

of large additions, such as 10 cc. of enriched oxygen, shows no advantage

and, in fact, may cause trouble because of the large volumes of evolved

gas to be handled.

On the graph, the total oxygen of a sample is recorded as 02.

However, in the vacuum-fusion extraction the oxygen will be evolved as CO,

and so the potential total volume of G0 is twice the volume of 02. On the

other hand, only about 50% of the potential gas will be recoveredso the

volume of 02 indicated may be considered as the volume of GO likely to be

collected during vacuum fusion of the sample.

Examination of the curves shows that greater precision is obtained

at the higher values of the ratio b. In the sections where the curves

approach the vertical, precision is rather poor.
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TABLE 12. CALCULATED DATA ON THE ANALYSIS OF TITANIUM FOR
OXYGEN BY THE ADDITION OF 018 ENRICHED OXYGEN*

Volume Volume o16 Normal Oxygen in
Ratio b 018 Added Found, cc. Titanium, Wt, %

Calculations Based on a One-Gram Sample

0.0030 1 12.00 1.710
0.0035 1 7.67 1.095
0.0040 1 5.50 0.785
0.0050 1 3.34 0.476
0.0060 1 2.25 0.321

0.0070 1 1.6o 0.228
0.0095 1 0.735 0.105
0.00249 10 5.47 0.0780
0.00250 10 5.44 0.0778
0.00251 10 5.42 0.0773

Calculations Based on a Ten-Gram Sample

0.0024 1 31.5 0.45
0.0025 1 25.5 0.357
0.0029 1 13.45 0.192
0.0036 1 7.12 0.105
0.0095 1 0.735 o.105
0.00350 1 7.67 0.1095
0.00360 1 7.12 0.1015
0.00370 1 6.65 0.0950
0.0025 10 250.0 -

0.0030 10 120.o 1.700
0.0051 10 31.5o o.45o
0.0060 10 22.40 0.320
0.00800 10 11,65 0.166
0.00900 10 8.57 0.122
0.00965 10 7.00 0I00
0.010 10 6,25 0.039

Calculations Based on a Thirty-Gram Sample

0.0023 1 42-3 0.201
0.0024 1 31.5 0,150
0.0025 1 25.5 0.119
0.0029 1 13.45 0.064
0.0030 1 12.00 0.057
0.0035 1 7.67 0.036
o.o045 1 4.2 0.02
0.0062 1 2.1 0.01

Footnote on folloving page.
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Footnote for Table 12:

* The calculations were made using the approximation

b .1.5x + 0.2Y
lOOx + lOOy

where x is the volume of enriched oxygen added to the sample of titanium
and y is the unlmown volume of normal oxygen present in the titanium.

*

ii
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Where the oxygen content is known to be low (0.1%), it is

advantageous to increase the sample weight to 10-30 grams.

Data in the Segre chart indicate that the mass spectrograph can

measure the ratio, b, to Z0.01%. If this is true, the precision of the

method is about ±7% at the worst and becomes much better at higher b

values.

In the interest of conserving time, the calculations were based

on the approximation

b 1.5x+ 0 2y (3)
10Ox + 100y

rather than the exact

b = 1.57x + O,2o 4y (4)
98.43x + 99.796y

Experimental Results. Oxygen -18 tracer was added to four speci-

mens of titanium. Samples of electrolyzed oxygen were taken after treat-

ment of each of the first and second titanium specimens. Table 13 summar-

izes the physical properties of the titanium samples before and after the

oxygen addition and homogenization. The oxygen was removed from the

specimens by the vacuum-fusion method and the gas was transferred, as

extracted, to the mass-spectrometer sampling bulbs.

The mass-spectrometer analysis indicated that there was about 1%

I N2 and less 002 in the gas samples. However, there was 95% or more

hydrogen in the sample, so that it was impossible to obtain enough 00 in

the spectrometer for good sensitivity. Apparentlya4 much as 50% H2

BATTELLE MEMORIAL INSTITUTE
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TABLE 13, SUMARY OF PHYSICAL PROPERTIES OF TITANIUM

SAMPLES TO IMICH OXYGEN-18 TRACER WAS ADDED

Volume
018

Tracer Description of Sample
Sample Weight, Added, After Oxygen
Number Grams cc, S.T.P. Before Oxygen Addition Tracer Addition

R-1 5.15 2.30 Iodide titanium; mas- Two dark spots on side
sive, bright, and next to reaction tube.
shiny.

R-2 0.80 2.30 Bur. of Mines; -10+20 Very little change.
mesh, 0.11 normal
oxygen previously added.

R-3 2.36 2.30 Same as R-2. Silica tube coated with
black, brown, and mirror

stains, sample unchanged.

R-4 4.1o 2.30 Iodide titanium mas- Dull grey coating on

sive, bright, and outside.
shiny.

II
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would not cut down the precision of the analysis, and it was suggested

that the amount of hydrogen be reduced to at least that level in succeed-

1i ing samples. Accordingly, the gas-concentration and gas-loading apparatus

shown in Figure 15 was constructed.

Gas samples from the vacuum-fusion apparatus will be transferred

to the storage burette and there the hydrogen diffused out through the

palladium tube. In preliminary tests, 5 cc. of pure hydrogen were admitted

to the palladium tube and in 7 minutes at 300'C. the system was back to a

vacuum.

T The tabulated results from the Bureau of Standards are given in

Table 14. The results given in the column headed "Total" are the results

that are used in the calculations. The average value of the per cent 018

of Samples B-1 and B-2 corresponds to the term "a" in Equation 1, x

2.30 cc.,and "L-' Cor each sample is obtained by dividing the figure in the

"Total" column by 100 minus the value. For example, Sample R-4 may be

calculated as follows:

b =  0.568 = O-.01 51 ) (2j 3 ) + (0"00219y) (5a)
100-0.568 (0.99432)(2.3) + 0.99780y

0.00573 = (0.0347) + (0.00219y) (Sb)

(2.29) + (0.99780y)

0.0216
y -

6 .15 cc. (5c)

0.00351

The results of these calculations are given in Table 15. It can

be seen that the results are high by a factor of ab~dt 20. Whether the
hydrogen alone was responsible for this, or whether there was a leak in

the system due to faulty technique in the preliminary runs, has not been

determined.

BATTELLE MEMORIAL INSTITUTE
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TABLE 14. MASS-SPECTROMETER RESULTS FROM
NATIONAL BUREAU OF STANDARDS

Sample Volume, Per Cent 018. Atom Per Cent 018
Number Total Standard(a) Excess over Standard

B-I 1.517 0.219 1.298 ± 0 0 05(b)

B-2 1.508 0.219 1.289 ± 0.004

R-1 Sample practically all hydrogen

R-2 0.381 0219 o.162 ± 0.003

R-3 0.241 0.219 0.022 - 0.002

R-4( c )  0.568 0.219 0.349 ± o.oo4
* Based on total oxygen content of gas sample.

Note: (a) Oxygen from air.
(b) Average deviation from the mean. Mean values are based

on at least ten repeated measurements.
(c) High per cent of hydrogen in sample would alter calculations.

ii
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TABLE 15. PRELIMINARY RESULTS OF ANALYSIS OF TITANIUM
SAMPLE FOR OXYGEN BY THE 018 ISOTOPIC ETHOD

Volume Normal 02Originally in

Titanium Sample (Mass Duration
Sample Weight, Description Spectrometer), Weight % 02 of HomogenizingNumber Grams of Sample cc, S.T.P. in Sample Treatment

R-1 5.15 Iodide titanium Too much - 75oC.
hydrogen 13 hours

R-2 0.80 Bureau of Minest 16.0 2.85% 3000C.0,1% normal 2 hours
oxygen added

R-3 2.36 Same as R-2 146.o 750°C.
2 hours

R-4 4910 Iodide titanium 6.15 0.214% 750°C.
t 22-1/2 hours

T

V
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ii The gas-concentration and gas-loading apparatus having been com-

pleted, samples can now be prepared in which there is little or no

hydrogen and so more favorable results are to be expected in future

experiments.

FUTURE WORK

The work on the preparation and evaluation of alloys of titanium

will be continued. At present, binary alloys of titanium with zirconium,

columbium, tantalum, beryllium, and silver, and ternary titanium-manganese-

carbon, titanium-manganese-vanadium, and titanium-molybdenum-tungsten

alloys are being investigated.

The more promising compositions which have been made to date will

shortly be agdin investigated in order to study further these compositions

and select thos alloys warranting a more extensive study as outlined in

the proposal.

The study of refractories for melting titanium will be continued.

With reference to the C12 - CC14 method for determining oxygen,

no further tests are contemplated. A detailed description of the

apparatus and techniques, however, will be included in the next bi-

.1 monthly report.

• At the present time, arc-melted samples of iodide titanium with

known amounts of oxygen added as TiO2 are being prepared. These samples

will be forwarded to Dr. G. Derge for vacuum-fusionfaralysis in his

laboratory.

BATTELLE MEMORIAL INSTITUTE
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tUpon the completion of certain modifications of the vacuum-fusion

apparatus, spot checks will be run on Methods A, B, and C, in hopes that

the yield of extracted gas will be improved.

The gas-concentrating and loading apparatus has been completed and

tested. The gas extracted by vacuum-fusion analysis from samples processed

in the 018 apparatus will contain large amounts of hydrogen. This hydrogen
will be removed from future samples in the gas- concentration and loading

apparatus before sending to the Bureau of Standards, However, all work on

he analysis method is being held in abeyance until the results of Dr.

Derge s analysis of the Ti-Ti0 2 samples, prepared at Battelle, are obtained.

The data on which this report is based are

listed in the following BMI Notebooks:

No. 3911, pp. 66-78

No. 3912, pp. 5-11

No. 4519, pp. 39-98

No. 4728, pp. 1-5

No. 4112, pp. 90-91

No. 4736, pp. 2-10
pp. 35-43

No. 4461, pp. 18-22
pp. 32-34
pp. 39-60•pp. 63-84
pp. 90-100

No. 4505, pp. 2-61

No. 733

LWE: ec/mk/ma
September 14, 1949
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